Since the advent of modern chemotherapy has made resection for pulmonary tuberculosis a relatively safe procedure, the thoracoplasty operation has been falling into disfavour. Nevertheless, we have been impressed by the safety and good results of this operation in practice, and it was felt that it would be of some interest to review in detail a large series of patients who had submitted to conventional thoracoplasty operations under modern conditions, and in whom a long-term follow-up had been made. It is worth noting that, since Sellors's publication on the results of thoracoplasty in 1947 , there has been only one comprehensive paper on the subject in the British literature (Laird, 1953) , though Price Thomas has given his figures in a modern textbook (Price Thomas, 1952a) . Other results have been published in recent years by Hagn-Meincke (1950) , Lees, Yang, Papoulakos, Alexander, and Larralde (1951) , Ottosen, Popp, Beatty, and Buckingham (1951) , Refsum (1951) , Adie, Childress, Brezing, and Taylor (1952) , Hughes, Lowry, and Polk (1953) , O'Brien, Wilson, Armada, and Vindzberg (1953) , Seip (1953) , Forsee (1954) , Baffes, Schlotterbeck, and De Camp (1954) , and Douglass and Bosworth (1954) .
In this series the case material has been analysed in considerable detail in order that the results obtained might form some basis for comparison with those of resection series. It should be pointed out that few, if any, of the published papers on resection results are really adequate for an accurate evaluation of resection operations to be made. Many give no information about the type and extent of disease operated on, and it is certain that the results are favourably weighted by the inclusion of many patients who had resections for " residual necrotic foci" at a time when it was not realized that the prognosis in these patients is excellent on chemotherapy alone. Furthermore, the minimum follow-up periods are short, usually no more than six months. It is hardly surprising that many surgeons have hesitated to abandon such a well-tried operation as thoracoplasty.
In order to give an accurate indication of the value of thoracoplasty in the treatment of pulmonary tuberculosis, the following requirements should be satisfied:
(1) The series should consist of a large number of patients, operated on consecutively by a standard procedure.
(2) The operations should be carried out under the best and most modern conditions.
(3) All the patients should be followed up for at least five years after operation, none being lost.
(4) Accurate and detailed information should be given about the pre-operative condition of the patients, particularly as regards type and extent of disease. Clearly the results are of no significance unless they are related to the type of case selected for operation.
(5) The terms used, such as "active" and ' quiescent," should be precisely defined, otherwise they are meaningless.
(6) There should be a control series of patients exactly comparable with the operation cases and treated under the same conditions except that no operation is performed. A random method of allocating patients between the two groups should be used.
In practice it is clearly not possible to obtain an adequate control series of patients ; nor would this be ethically justifiable. But The zones are obtained by drawing horizontal lines across the chest radiograph (P.A. view) through the second and fourth costal cartilages, thus dividing each lung field into three zones.
Again, the presence of a small area of calcified disease in a zone was disregarded. All these three patients had extensive bilateral disease, involving all zones of the homolateral lung and at least two-thirds of the opposite lung. The first, a man aged 30, died on the third day after the second stage; the second, a man aged 37, died seven hours after the completion of an eight-rib thoracoplasty. Both these patients had a contralateral artificial pneumothorax and both died of respiratory insufficiency. The third patient, a woman aged 27, collapsed and died suddenly as the local anaesthetic (amethocaine and adrenaline) was being injected before starting the second stage.
POST-OPERATIVE COMPLICATIONS.-These occurred in 43 patients (19%), but some were trivial. They usually occurred within six weeks of the last stage, but complications developing later were included when they were clearly related to the operation. A telectasis.-The recorded incidence of atelectasis will depend on the frequency with which chest radiographs are obtained during the immediate post-operative period. In these patients chest films were usually obtained on the first, third, and sixth post-operative days, and then at longer intervals. In practice, it may be difficult to differentiate atelectasis from a post-operative pleural effusion.
Seven patients in this series developed atelectasis. In six the homolateral lower lobe was affected; in the remaining patient the whole contralateral lung, which was already collapsed by an artificial pneumothorax, became atelectatic. Without exception the collapsed lobe or lung re-expanded satisfactorily, bronchoscopy only being required in two. Table VII shows the incidence of atelectasis related to the type of anaesthetic, but the numbers are too small for any significant conclusions to be drawn. Laird (1953) considered that his figures suggested that general anaesthesia carries a greater risk of post-operative atelectasis. Though the number of patients in the series who developed atelectasis was small, Table VIII shows that the incidence of atelectasis was significantly higher in the group of patients who had a paralysed diaphragm on the operation side than in those with a normally functioning diaphragm. This finding would be expected on theoretical grounds, for diaphragmatic paralysis impairs the efficiency of the cough mechanism to expel secretion from the lower lobe bronchi on the affected side.
Haematemesis.-This occurred in one patient and another patient had a severe exacerbation of pain from a gastric ulcer which was known to be present previously.
Haematemesis is not uncommon in patients undergoing thoracoplasty operations, and the authors have seen it in at least six other patients besides the one in this series. It seems probable that the prolonged mental stress associated with this very painful and multiple-stage operation is responsible. Guggenheim and Cohn (1948) , Dingley (1950) , and Rothstein and Gilboy (1952) . It occurred in one patient in this series, being first visible in the chest radiograph 21 days after the third stage. Stress fractures of the first rib are not infrequent in healthy patients and often produce little or no pain so that they go unrecognized. Eley (1956) has found evidence of a previous fracture of the first rib in 0.7 % of 10,000 mass miniature radiography films.
EVALUATION OF THE LATE RESULTS It was possible to follow all except three patients (1.3 %) to January 1, 1956, giving a follow-up period of six to eight years after operation. These three patients were all discharged home after apparently successful operations with cavity closure and sputum conversion. They then changed their addresses and could not be traced.
DEFINITIONS.-TO be classified as quiescent in this series the following criteria must be satisfied. (2) The patient must be abacillary; that is, there must either be no sputum, or if present the sputum must be negative for tubercle bacilli by the methods used for examination. Cultures were obtained in about half the patients who had sputum, reliance being placed on the examination of smears in the remainder. Laryngeal swab cultures were obtained in only a small proportion of patients who could not produce any sputum. Fig. 2 shows that the number of deaths per year was remarkably constant during the six years of follow-up observation. It is therefore clear that published operation results with a short follow-up period will be unduly optimistic.
ANALYSIS OF THE INFLUENCE OF VARIOUS FACTORS ON LATE PROGNOSIS
In a disease such as tuberculosis it is difficult to assess the effect of any single factor, because the many different factors involved are interrelated.
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In the study of factors which may influence prognosis the three patients who died from nontuberculous causes and three who were lost are excluded. Operative deaths are included. It will be seen from Table XII that there is no significant difference in the late prognosis in t'he two sexes. Refsum (1951) reported similar findings. As expected, Table XIII shows that the late prognosis is worse in the older age groups. Many of the older patients did well, and it is important that they should not be refused surgery on the PRE-OPERATIVE SPUTUM STATE.-In Table XVI a patient is considered to be positive if tubercle bacilli were found in one or more specimens of sputum or gastric residue within the six weeks before-operation. In almost all cases cultures were obtained. The figures demonstrate clearly that the prognosis was much better in those patients who had converted their sputum before operation. The effect of thoracoplasty on cavities in the contralateral lung at the time of operation is far from clear, and references to this problem in the literature are scanty, though Price Thomas (1952b) states that contralateral cavities may close after thoracoplasty as a result of the relaxation afforded by correction of the mediastinal displacement. Most workers in the pre-chemotherapeutic era, however, took the view that where possible contralateral cavities should be closed by artificial pneumothorax treatment before proceeding to thoracoplasty. Even if this manceuvre were successful, it rendered the operation more hazardous (Abbey Smith, 1953 ) and the majority of the patients were finally left with very poor exercise tolerance. In the present series there were 16 patients with definite contralateral cavitation at the time of operation, in each case in the upper lobe. The cavity was certainly not favourably affected by the operation in 13 of these (cavity unchanged in size in 12 and larger in one, even though in the latter case the mediastinal displacement towards the operation side had been corrected). In two patients the contralateral cavities gradually closed during the six months after operation, but both had a contralateral artificial pneumothorax and one also had chemotherapy. In only one case did the contralateral cavity close spontaneously during the post-operative period and here bed rest may well have been responsible.
In this series there is no evidence that thoracoplasty had any significant beneficial effect on contralateral cavities.
IMPORTANCE OF FAMILY HISTORY OF PULMONARY
TUBERCULOSIS.-The work of Kallmann and Reisner (1943) and Puffer (1944) showed that there is a very important hereditary element in susceptibility to tuberculosis, but the question as to whether a hereditary resistance factor affects the prognosis of patients after surgery for pulmonary tuberculosis does not appear to have been studied previously. From Table XXII it can be seen that 87% of the patients were quiescent nine months after the last stage, and in this group the eventual prognosis was excellent, only 2.6% dying during the follow-up period. The outlook for the 24 patients whose disease was still active at nine months was correspondingly bad; three-quarters of them were dead at the end of the follow-up period. These 24 patients all had persistent cavitation. The cavity was on the operated side in 15, on the contralateral side in five, and on both sides in four.
Nineteen patients remained with patent cavities on the operated side nine months after operation. The operation could not be completed in four of these (two inadequate respiratory reserve, one hysterical paralysis, and one tuberculous stenosis of lower lobe bronchus), and two had bronchopleural fistulae (one resulting from operative trauma, one from a pre-operative cavity rupture into a pneumothorax space). This leaves 13 cases where apparently technically satisfactory operations were not successful in closing cavities on the operation side. These are true "failed thoracoplasties." Nine patients were left who had cavitation in the upper lobe only, two with a cavity in the apical segment of the lower lobe, and two who had cavities in both these situations.
LENGTH OF HOSPITAL CONVALESCENCE.-The importance of a long period of convalescence in treating pulmonary tuberculosis has often been stressed, but this view has been based on clinical impressions, for statistical proof is difficult to obtain, so many other factors being involved.
Clearly, patients whose disease was not rapidly controlled by the operation, who had complications, or whose progress was in any way unsatisfactory would often be kept in hospital longer than those whose post-operative course was uneventful. The former group of patients was therefore excluded from this part of the investigation, as they would weight the results in favour of the short convalescence cases. A few other patients were also excluded because full sanatorium reports were not available. In Table XXIII the number of " uncomplicated " patients who subsequently died is too small for analysis. The number of patients who relapsed is small, but there was no significant difference in the incidence in the short and long convalescence groups.
It may be objected that the long convalescence group would contain a higher proportion of patients with extensive disease. On analysis, the two groups were found to be comparable in this respect, the long convalescence group actually containing a slightly higher proportion of favourable cases. This study affords no evidence that a long period of hospital convalescence improves the ultimate prognosis in patients who have had a successful thoracoplasty operation with no complicating factors.
This Five patients had a relapse in the operated lung. It is almost certain that in two of these patients the operation never closed the cavity, postoperative tomographs not having been obtained, and two more patients excavated previously solid lesions. Of this group of five patients three are now quiescent (two after chemotherapy, one after upper looectomy), one is still active, and one developed a tuberculous empyema and died. In this series, reactivation of disease could only be attributed to " apical creep" in one case. This is in contrast to the findings of Holst (1952) , who performed resections on 100 patients who had persistent cavities following thoracoplasty operations, and believed that re-expansion of the lung apex under the thoracoplasty was the crux of the problem. Meissner, Overholt, Wilson, and Walker (1949) concluded from a study of postthoracoplasty resection specimens that inadequate collapse as a result of a technically poor thoracoplasty operation was the outstanding cause of failure.
Although the lung apex sometimes re-expands, especially in patients with chronic bronchitis and emphysema, it is our opinion that this usually means that the apicolysis has been inadequately performed.
Three patients in this series relapsed with active bilateral disease. Of these, two are now quiescent following chemotherapy and one is still active.
These figures show that relapses are fairly common, and usually occur on the contralateral side. Seip (1949) reported similar findings. For this reason one should conserve as much lung function as possible at operation, in case surgery should later be required on the opposite side. Relapse on the operated side is uncommon in cases where the operation has been technically satisfactory.
Contralateral relapses appeared to be almost invariably due to reactivation of disease, rather than to bronchogenic spreads from active foci under the thoracoplasty, for they usually occurred in areas of old disease at the lung apex or subapex, in cases where the disease appeared to be controlled on the operation side. Table XXV shows that relapses continued to occur at a fairly steady rate until the end of the observation period, for it must be remembered that only a proportion of the patients were followed for longer than six years.
SUMMARY
Two hundred and thirty-one consecutive patients who submitted to thoracoplasty operations at the Arlesey Branch of the London Chest Hospital between December 1, 1947, and December 31, 1949, were studied, the follow-up period being six to eight years.
The case material was analysed in detail, this being essential if the results were to be of any significance. Three patients (1.3%) died within three months of operation and there were post-operative complications in 43 (19 %) .
At the end of the observation period 82% of the patients were quiescent, 3 % had active disease, 14% were dead, and 1.3% had been lost. Ninetysix per cent. of the survivors traced were fit for work. These results are considered to be satisfactory, for most of the patients had extensive disease and few received effective chemotherapy.
An analysis of the influence of various factors on late prognosis was made. Important factors were extent of disease, cavity size, pre-operative sputum state, and age, whereas the patients' sex, the presence of a family history of tuberculosis, and the length of hospital convalescence (in tincomplicated cases) did not appear to affect prognosis.
Where operation resulted in sputum conversion and cavity closure the late prognosis was good, though 15% of these patients relapsed subsequently, usually on the contralateral side.
